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VAPOR-EXPLOSION EXPERIMENTS
WITH SUBCOOLED FREON

by

Robert E. Henry and Louis M. McUmber

ABSTRACT

Vapor-explosion experiments were conducted in a well-
wetted Freon-22 and mineral-o0il system in which the initial tem-
perature of both the Freon and the mineral oil were varied over a
wide range. These experiments were specifically conducted to
investigate the importance of interface temperature indetermining
the explosive behavior of a given system. The results clearly
demonstrate that the interface temperature developed upon inti-
mate liquid-liquid contact is a valid characterization of the ex-
plosive potential of a given system.

I. INTRODUCTION

Explosive vapor formation, accompanied by destructive shock waves,
can be produced when two liquids, at much different temperatures, are brought
into intimate contact. A proposed analytical modell’? states that, (1) upon contact
between the two liquid systems, the interface temperature must be greater
than or equal to the limiting spontaneous nucleation temperature of that liquid-
liquid system, and (2) the thermal boundary layer must be sufficiently devel-
oped to support a critical-size cavity. For time scales greater than 10712 s,
the interface temperature upon contact of two semi-infinite masses, with
constant thermal properties, can be related to the initial liquid temperatures
by the equation3

Th + T¢ \/kcpccc/khphch
P = ’

1+ \/kcp cSc/knPhch

where
c = specific heat,
k = thermal conductivity,
T = temperature,
p = density,



and the subscripts

(¢}
1l

cold liquid
hot liquid

o
H

and

i interface.

The spontaneous nucleation behavior at the interface can either be

. 4 . ‘s .
heterogeneous or homogeneous in nature.” In either case, the critical-size

cavities, which initiate the vaporization process, are produced by local density
fluctuations within the cold liquid. For homogeneous conditions, the two liquids
present a well-wetted system and the vapor embryos are produced entirely
within the cold liquid. For heterogeneous conditions, which result from poor
or imperfect wetting at the liquid-liquid interface, the critical-sized cavities
are created at the interface at somewhat lower temperatures. The homoge-
neous nucleation rates for Freon-22 at 0.1 MPa (1 atm) are listed in Table I

for various temperature levels.

A sequence of experiments, using Freon-22 and water, Freon-22 and
mineral oil, and Freon-12 and mineral oil, have been performed to test this
spontaneous nucleation premise.5 For Freon-22 at its normal boiling point,
the initial temperature of the water must be at least 77°C before the interface
temperature equals or exceeds the minimum homogeneous nucleation value of
54°C (see Table I}, and 84°C before the interface temperature equals 60°C, at
which the homogeneous nucleation rate becomes truly explosive.? As illus-
trated in Ref. 5, the Freon-water test demonstrated explosive interactions for
water temperatures considerably lower than this value, which was attributed
to the heterogeneous nucleation characteristics of that particular system
resulting from the poor wetting between Freon and water. However, the ex-
perimental data demonstrate a definite threshold behavior at a water tempera-
ture of about 45°C, and this value has been observed by other experimenters
with the same fluids.® The Freon-mineral-oil systems exhibited excellent
agreement with the interface-temperature model in which the spontaneous
nucleation behavior is assumed to be homogeneous because of the affinity be-

tween Freons and oils.

TABLE I. Homogeneous Nucleation for Freon-22 at 1 atm (0.1 MPa)

Vapor Surface Critical Nucleation Waiting
Temperature, Pressure, Tension, Cavity Radius, Rate,, Time

°C mPa 107 N/m 10-"° m sites/cm’'s per cm®
50 1.94 4.71 49 3.9x 107" 8 x10°yp
52 2.03 4.46 44 2.0x10"%  58days
54 2.12 4.22 40 2.4x10° 400 us
56 2.23 3.97 36 7.2 x 10% 10°4 ¢
58 2.32 3.73 32 L6x10"  6x10°17

60 2.43 3.49 29 3.7 x 10%° 3x10-2 ¢




The applicability of the interface temperature model was investigated’
by varying the initial subcooling of the Freon in a Freon-22-water system.
The intent of these experiments was to change the interface temperature by
subcooling the Freon and observe the resulting changes in the explosive be-
havior of the system. The conclusion from these experiments was that the
explosive behavior did not change with increasing Freon subcooling and,
hence, with changing interface temperature. This system has two inherent
disadvantages which tend to cloud the experimental results. The first is that
the excellent thermal properties of the water, compared to those of the Freon,
significantly reduce the sensitivity of the interface temperature to Freon sub-
cooling. The second is that, since one is already dealing with a poorly wetted
system, the wetting characteristics can be altered by changing the interface
temperature, which, in turn, changes the heterogeneous nucleation temperature.
To provide a more definitive test of the interface-temperature representation
by subcooling the cold liquid, a system of Freon-22 and mineral oil, which
presents a well-wetted system, was used in this set of experiments. In addi-
tion to the better wetting characteristics, the thermal conductivity, density,
and specific heat of the mineral oil are less than those of the water. This
results in a greater sensitivity of this system to changes in the initial sub-
cooling of the Freon.

II. EXPERIMENTAL APPARATUS

To investigate the relative importance of the interface temperature,
experiments were conducted in two different manners. The first was per-
formed with the Freon initially at its normal boiling point and mineral-oil
temperatures ranging from 110 to 190°C in 10° increments. The second was
carried out with the mineral-oil temperatureheld constantat 190°C and decreas-
ing Freon temperatures from -41 to -140°C in 20° increments. The tests
were carried out in the A-frame apparatus illustrated in Fig. 1, which is a
facility similar to that discussed in Ref. 5. The principal exception between
the facilities is that, in this case, the interaction vessel always contained the
Freon and the hot oil was poured into the vessel. This change in contact con-
figuration has little significance when the Freon-22 is saturated, but for sub-
cooled Freon it provides a better experimental resolution for the initial Freon
temperatures. The oil entered the interaction vessel through a rubber funnel,
and high-speed motion pictures, at 1000 frames/s, were taken of the resulting
interactions, along with analog recordings of the high-response piezoelectric
transducers mounted in the vessel wall and of the piezoelectric force trans-
ducer that supported the vessel.

III. EXPERIMENTAL RESULTS

For initial mineral-o0il temperatures less than 130°C and initially
saturated Freon, no explosive interactions were observed on the high-speed
movies or the pressure-transducer recordings.



UNISTRUT = P /000 73 ° FREME COMSTRUCTION

(7% ~"% CHINNELS)

$°PIPE SCK ¥0
48°
THELMOCOUPLE
WELLS
UNSTRYT * P 200
Bax % oo [
S PLRCES
FUNNVEL
PRESSURE INTERACTION

THREHSDUCELS VESSEL

ror

THERIOC VS LE

T
N
| \ WELLS

PRESSUEE
TRANS DUCERS
PUEZOELECTRIC”

[ 3’ PLATE x 14 °D/A.

e 3 A L3 )
\fllc'f HERTER
roRCE TRANSD/CEL

s

Fig. 1. Experimenral Apparatus. All Dimensions in Inches. Conversion Factor: 1 in.

2.54 ¢cm. ANL Neg. No. 900-3007.

0T



N

When the initial mineral-oil temperature was increased to 131°C, a
vigorous explusion of liquid was observed and the pressure transducers indi-
cated a maximum pressure of 0.4 MPa (4 atm), but the rise time (see Fig. 2)
was about 4 ms. However, a mineral-oil temperature of 140°C definitely pro-
vided an explosive interaction with a rise time less than 1 ms and a maximum
interaction pressure of 0.6 MPa (6 atm), as shown in Fig. 3. Increasing
interaction pressures were observed with increases in the mineral-oil tem-
perature. For test conditions of saturated Freon and oil at 180°C, a small
interaction was initially observed, and then a delay of 580 ms occurred before
the large explosive event. The pressure trace for this run is shown in Fig. 4.
The largest explosive interaction of the entire experimental sequence was
observed with an initial oil temperature of 190°C and initially saturated Freon;
as illustrated in Fig. 5, this event developed a maximum interaction pressure
of 2 MPa (20 atm) with an extended decay characteristic.
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initial oil temperature of 190°
the Freon was initially at -60°C, a vigorous explosion was ob
high-speed movies; the system pressure measurements are .s
Two relatively small interactions were observed for an initial
perature of -80°C, and the events were separated by 370 ms.

Freon temperature of
as shown in Fig. 7. For initial Freon temperatures of -120 and
an initial mineral-oil temperature of 190°

The second half of the test series was conducted with a constant
C and decreasing Freon temperatures. When
served on the

hown in Fig. 6.
Freon tem-
For an initial
_100°C the interaction pressure was 0.3 MPa (3 atm),
-140°C and
C, no explosive interactions were

observed by any of the system instrumentation.
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scale Interactions with Ty = 190°C
Fig. 6. Pressure-Time History for Freon-22 and Tp = -100°C. ANL Neg.
and Mineral-oil Undergoing Large- No. 900-77-87 Rev. 1.
scale Interactions with Tpj1 = 190°C
and T = -60°C. ANL Neg.

No. 900-77-98 Rev. 1.

Iv. DISCUSSION OF RESULTS

The initial conclusion that can be drawn from this set of experiments

is that the explosive character of a given system can be suppressed by either

cooling
level.

the hot liquid below a certain value or the cold liquid below a given

The original question of interest was whether the interface temperature

provided an accurate method for evaluating the explosive potential of a given

system.

If a given interaction is simply considered as explosive or nonexplo-

sive, regardless of its interaction pressure, the results can be plotted and
compared to the idealized interface-temperature model in which the tempera-

ture for

sustained explosive homogeneous nucleation is considered to be 60°C.2

Such a representation is shown in Fig. 8 which demonstratces good agreement
between the regions delineated as explosive and nonexplosive by the proposed

model.
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Another test of the interface-

No. 900-75-289.
temperature model is to compare the

explosive interaction pressures as a function of the system interface tempera-
ture, which is shown in Fig. 9 for the two parametric variations performed.
When the broad range of thermal conditions treated is considered, the
interface-temperature model provides an excellent means of describing the
explosive characteristics of the system. Figure 10 displays the maximum
interaction pressures for all the experiments as a function of the interface
temperature.

The pressure and force measurements for the explosive tests are
given in Appendix A. In some experiments, such as Run 6-11-75: 6 +145 -92,
very sharp pressure spikes were measured at the initiation of the explosion.
These spikes appeared to make little contribution to the work done by the
explosion and could perhaps result from the impact of a liquid mass on a
transducer face. This would be a definite consideration if the liquids are
intimately dispersed prior to the event that both the high-speed movies and
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long delay times indicate is the case in these tests. Figure 10 shows the
pressure spike and the sustained pressures (on a time scale of milliseconds),
which are definitely doing work on the system. Although this illustration
shows the same scatter in the vicinity of the threshold temperature as is
shown in Fig. 8, it clearly shows the dramatic change in system behavior as
the interface temperature changes by a few degrees.

V. CONCLUSIONS

These experiments in this well-wetted system demonstrate that the
interface temperature is a valid technique for characterizing the explosive
potential of a given liquid pair.



APPENDIX A

Experimental Data

The experimental parameters and results are listed chronologically
in Table II and the measurements for explosive events are given in Figs. A.1-
A.47. The run numbers are structured to include the date, the test number
on that date, the initial oil temperature, and the initial Freon temperature as
shown below:

test number initial Freon temperature (in °C)

8-1-75: 6 +110 -120

da!te initial oil temperature
TABLE II. Chronological List of Experiments
Maximum Interactions Maximum Interactions
Run Number Pressure, MPa Note Run Number Pressure, MPa Note

6-11-75: 1 +145 -72 1.50 7-17-75: 2 +190 -120 0 a
6-11-75: 2 +145 -124 0 a 7-17-75: 3 +190 -140 0 a
6-11-75: 3 +145 -115 0 a 7-18-75: 1 +190 -130 0 a
6-11-75: 4 +145 -101 0 a 7-18-75: 2 +190 -90 1.44

6-11-75: 5 +148 -68 1.01 7-23-75: 1 +150 -41 0.68

6-11-75: 6 +145 -92 1.22 7-23-75: 2 +170 -41 0.61

6-16-75: 1 +169 -110 0.61 b 7-23-75: 3 +182 -99 1.55

6-16-75: 2 +188 -132 0 a 7-23-75: 4 +190 -100 1.19

6-16-75: 3 +174 -118 0 a 7-23-75: 54190 -80 1.01

6-16-75: 4 +190 -111 1.69 7-24-75: 1 +190 -100 0.94

6-16-75: 5 +146 -77 0.50 7-24-75: 2 +190 -80 0.27

6-17-75: 1 +133 -87 0 a 7-24-75: 3 +190 -90 0.67

6-17-75: 2 +140 -61 - c 7-24-75: 4 +131 -41 0.34

6-18-75: 1 +132 -58 0.19 7-24-75: 5 4120 -41 0 a
6-18-75: 2 +129 -67 0 a 7-24-75: 6 +110 -41 0 a
6-19-75: 1 +198 -128 0.48 7-25-75: 1 +180 -41 0.59

6-19-75: 2 +184 -74 - c 7-25-75: 2 4160 -41 2.41

6-19-75: 3 +174 -120 0.23 7-25-75: 3 +180 -41 1.69

6-19-75: 4 +168 -95 1.05 7-25-75: 4 +140 -41 0.59

6-19-75: 5 +156 -94 0.44 7-25-75: 5 +195 -41 1.68

7-10-75: 1 +160 -99 1.89 7-25-75: 6 +185 -41 2.04

7-10-75: 2 +160 -140 0 a 7-25-75: 7 4175 -41 2.18

7-10-75: 3 +138 -122 0 a 7-28-75: 1 +183 -41 1.69

7-10-75: 4 +163 -122 0.50 7-28-75: 2 +176 -41 1.50

7-10-75: 5 +160 -130 0 a 7-28-75: 3 +180 -41 1.24

7-14-75: 1 +181 -140 0 a 7-28-75: 4 +173 -41 1.08

7-14-75: 2 +178 -128 0 a 7-28-75: 5 +169 -41 1.78

7-15-75: 1 +181 -120 0 a 7-28-75: 6 +166 -41 1.89

7-15-75: 2 +180 -110 1.26 8-1-75: 1 +120 -60 0 a
7-15-75: 3 4178 -100 1.72 8-1-75: 2 +120 -90 0 a
7-15-75: 4 +178 -80 0.78 8-1-75: 3 +120 -120 0 a
7-15-75: 5 +180 -60 0.31 d 8-1-75: 4 +110 -60 0 a
7-15-75: 6 +161 -60 1.63 8-1-75: 5 +110 -90 0 a
7-16-75: 1 +190 -41 1.97 8-1-75: 6 +110 -120 0 a
7-16-75: 2 +190 -60 1.63 8-4-75: 3 +190 -100 0.25

7-16-75: 3 +192 -80 0.41 8-4-75: 4 +190 -90 1.70

7-17-75: 1 +190 -101 1.84

aNo explosive event.
bForce-transducer data.
CExplosive event; no record.
dTop pressure-transducer data.
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ANL Neg. No. 900-76-398 Rev. 1.
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Neg. No. 900-76-355 Rev. 1.
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Fig. A.7. Experimental Data Records for Fig. A.8. Experimental Data Records for
Run 6-18-75: 1 +132 -58. ANL Run 6-19-75: 1 +198 -128. ANL

Neg. No. 900-76-361 Rev. 1. Neg. No. 900-76-379 Rev. 1.
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Fig. A.11. Experimental Data Records for
Run 6-19-75: 5 +156 -94. ANL
Neg. No. 900-76-368 Rev. 1.
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Fig. A.12. Experimental Data Records for
Run 7-10-75: 1 +160 ~99. ANL

Neg. No. 900-76-366 Rev. 1.
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Fig. A.13. Experimental Data Records for
Run 7-10-75: 4 +163 -122. ANL
Neg. No. 900-76-389 Rev. 1.
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Fig. A.15. Experimental Data Records for
Run 7-15-75: 3 +178 -100. ANL
Neg. No. 900-76-357 Rev. 1.
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Fig. A.14. Experimental Data Records for
Run 7-15-75: 2 +180 -110
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No. 900-76-399 Rev. 1.
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Fig. A.16. Experimental Data Records for
Run 7-15-75: 4 +178 -80. ANL
Neg. No. 900-76-363 Rev. 1.

140




20

PRESSURE, MPa

PRESSURE, MPa

) N D R N R N B
05— Prop —
o ="~ g
Y S O A N
10— FORCE/AREA ]
05— —
0 :-‘/'L M LA“-‘-“__
I N P N N N
0 200 40 60 80 100 120 140
TIME, ms
Fig. A.17. Experimental Data Records for
Run 7-15-75: 5 +180 -60
(Pbottom not recorded). ANL
Neg. No. 900-76-395 Rev. 1.
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Fig. A.19. Experimental Data Records for
Run 7-16-75: 1 +190 -41. ANL
Neg. No. 900~76-356 Rev. 1.
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Neg. No. 900-76-383 Rev. 1.
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Fig. A.20. Experimental Data Records for
Run 7-16=75: 2 +190 -60. ANL
Neg. No. 900-76-380 Rev. 1.
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Run 7-16~75: 3 +192 -80. ANL
Neg. No. 900-76-394 Rev. 1.
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Fig. A.23. Experimental Data Records for
Run 7-18-75: 2 +190 -90. ANL
Neg. No. 900-76-354 Rev. 1.
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Fig. A.22. Experimental Data Records for
Run 7-17-75: 1 +190 =101
(Ptop not recorded). ANL Neg.
No. 900-76-397 Rev. 1.
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Fig. A.24. Experimental Data Records for
Run 7-23-75: 1 +150 =41. ANL
Neg. No. 900-76-387 Rev. 1.
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Neg. No. 900-76-381 Rev. 1. Neg. No. 900-76-359 Rev. 1.
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Fig. A.27.. Experimental Data Records for Fig. A.28. Experimental Data Records for
Run 7-23-75: 4 +190 -100. ANL Run 7-23-75: 5 +190 -80. ANL

Neg. No. 900-76-375 Rev. 1. Neg. No. 900-76-382 Rev. 1.
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Fig. A.29. Experimental Data Records for
Run 7-24-75: 1 +190 -100. ANL
Neg. No. 900-76-369 Rev. 1.
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Fig. A.31. Experimental Data Records for
Run 7-24-75: 3 +190 -90. ANL
Neg. No. 900-76~377 Rev. 1.
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Fig. A.30. Experimental Data Records for
Run 7-24-75: 2 +190 -80. ANL
Neg. No. 900-76-362 Rev. 1.
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Fig. A.32. Experimental Data Records for
Run 7-24-75: 4 +131 -41. ANL
Neg. No. 900-76-385 Rev. 1.
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Fig. A.33. Experimental Data Records for
Run 7-25-75: 1 +180 —41. ANL
Neg. No. 900-76-378 Rev. 1.
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Fig. A.35. Experimental Data Records for
Run 7-25-75: 3 +180 -41. ANL
Neg. No. 900-76-365 Rev. 1.
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Fig. A.34. Experimental Data Records for
Run 7-25-75: 2 +160 —41. ANL
Neg. No. 900-76-392 Rev. 1.
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Fig. A.36. Experimental Data Records for
Run 7-25-75: 4 +140 —41. ANL
Neg. No. 800~76-376 Rev. 1.
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Fig. A.37. Experimental Data Records for
Run 7-25-75: 5 +195 -41. ANL
Neg. No. 900-76-391 Rev. 1.
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Fig. A.39. Experimental Data Records for

Run 7-25-75: 7 +175 -41. ANL
Neg. No. 900-76-393 Rev. 1.
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Run 7-25-75: 6 +185 —-41. ANL
Neg. No. 900-76-360 Rev. 1.
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Fig. A.40. Experimental Data Records for

Run 7-28-75: 1 +183 —41
(Force/Area not recorded). ANL
Neg. No. 900-76-396 Rev. 1.

25



26

PRESSURE, MPa

PRESSURE, MPa

T T T T T T ]
05— L Prop ]
0 [ —
[ S N A S B B
2.0— Prorrow ]
1.5 — —
1.0 — —
0.5— —
0F— ' pomm
I A N N A I
0 20 40 60 80 100 120 140
TIME, ms
Fig. A.41. Experimental Data Records for
Run 7-28-75: 2 +176 ~41
(Force/Area not recorded). ANL
Neg. No. 900-76-400 Rev. 1.
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Fig. A.43. Experimental Data Records for

Run 7-28-75: 4 +173 -41. ANL
Neg. No. 900-76-370 Rev. 1.
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Fig. A.42. Experimental Data Records for
Run 7-28-75: 3 +180 —41. ANL
Neg. No. 900-76-372 Rev. 1.
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Fig. A.44. Experimental Data Records for
Run 7-28-75: § +169 -41. ANL
Neg. No. 900-76-367 Rev. 1.
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Fig. A.45. Experimental Data Records for
Run 7-28-75: 6 +166 —41. ANL
Neg. No. 900-76-373 Rev. 1.
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Fig. A.46. Experimental Data Records for
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Run 8-4~-75: 3 +190 -100. ANL
Neg. No. 900-76-374 Rev. 1.

Fig. A.4T

Experimental Data Records for
Run 8-4-75: 4 +190 ~90. ANL
Neg. No. 900-76-390 Rev. 1.
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APPENDIX B

Results, Grouped by 10°C Increments of Oil Temperature

This appendix is a grouping of the experimental conditions by 10°C
oil increments and includes contact interface temperatures for each test.

Ti, Pg, Ti. Pg.
Run Number °C atm MPa Note Run Number °C atm MPa Note
110-119°C 0Oil Temperature 170-179°C m
8-1-75: 6 +110 -120 12 0 a 7-14-75. 2 +178 -118 42 0 a
8-1-75: 5 +110 -90 21 0 a 6-19-75: 3 +174 -120 43 0.23
8-1-75: 4 +110 -60 34 0 a 6-16-75: 3 +174 -118 44 0 3
7-24-75: 6 +110 -41 43 0 a 7-15-75: 3 +178 -100 54 2.22
. 7-15-75: 4 +178 -80 63 0.78
120-129°C Oil Temperature 7-23-75. 2 +170 -41 72 0.61
8-1-75: 3 +120 -120 13 0 a 7-28-75: 4 +173 -41 78 1.01
8-1-75. 2 +120 -90 21 0 a 7-25-75: 1 +175 -41 79 2.18
8-1-75. 1 +120 -60 40 0 a 7-28-75: 2 +176 -41 80 1.50
6-18-75: 2 +129 -67 @ 0 2 1800 : ,
7-28-75: 5 +120 -41 48 0 a % m
130-139°C Oil Temperature 2_12_-7,2 ; :}g; -g(z) 22 0 :
7-10-75: 3 +138 -122 22 0 a 7-15-75: 1 +181 -120 47 0 a
6-17-75: 1 +133 -87 35 0 a 7-15-75. 2 +180 -110 51 1.26
6-18-75: 1 +132 -58 43 0.19 7-23-75: 3 +182 -9 57 1.55
7-24-75: 4 +131 -41 55 0.34 6-19-75: 2 +184 -74 (] 031 b
. 7-15-75: 5 +180 -60 73 e
_ Mo-lgC Ol Temperature 7-25-75: 1 +180 -4l 82 0.59
6-11-75: 2 +145 -124 25 0 a 7-25-75: 3 +180 -41 82 1.69
6-11-75: 3 +145 -115 29 0 a 7-28-75: 3 +180 -41 82 1.29
6-11-75: 4 +145 -101 36 0 a 7-28-75 1 +183 -41 83 1.69
6-11-75: 6 +145 -92 40 1.22 7-25-75: 6 +185 -41 85 2.04
6-16-75: 5 +146 -77 47 0.50 .
6-11-75: 1 +145 -T2 4 1.50 —10I°C Qit Temperature
6-11-75: 5 +148 -68 50 1.01 7-17-75. 3 +190 -140 43 0 a
6-17-75: 2 +140 -61 51 - b 7-18-75: 1 +190 -130 48 1] a
7-25-75: 4 +140 -41 60 0.59 7-17-75: 2 +190 -120 52 0 a
g0, R 6-19-75: 1 +198 -128 53 0.48
B9 Oil Temperature 6-16-75: 4 +190 -111 56 169
6-19-75: 5 +156 -94 45 0.44 7-17-75: 1 +190 -101 61 1.84
7-23-75: 1 +150 -41 65 0.68 7-23-75: 4 +190 -100 61 119
1400 R 7-24-75: 1 +190 -100 61 0.94
160-169°C Oil Temperature 8-4-75. 3 +190 -100 61 0.25
7-10-75: 2 +160 -140 21 0 a 7-18-75: 2 +190 -90 66 1.44
7-10-75: 5 +160 -130 31 0 a 7-24-75: 3 +190 -90 66 0.67
7-10-75: 4 +163 -122 36 0.50 8-4-75: 4 +190 -90 66 170
7-10-75: 1 +160 -99 45 1.89 7-16-75: 4 +192 -80 70 0.41
6-16-75: 1 +169 -110 45 0.61 4 7-23-75: 5 +190 -80 10 1.01
6-19-75: 4 +168 -95 51 1.05 7-24-75. 2 +190 -80 70 0.27
7-15-75. 6 +161 -60 63 1.63 d 7-16-75: 2 +190 -60 19 1.63
7-25-75: 2 +160 -41 71 241 7-16-75: 1 +190 -41 87 1.97
7-28-75: 6 +166 -41 74 1.89 1-25-75: 5 +195 -41 90 1.68
7-28-75: 5 +169 -41 76 1.78

aNo explosive event.
xplosive event; no record.
CForce-transducer data,
dactual peak pressure, 1.63 MPa, not 1.37 MPa as shown.
€Top pressure-transducer data.
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